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High glucose can induce lipid peroxidation in the isolated rat
glomeruli
HUNJOO HA, SUCK JONG YooN, and KYUNG Hwut KIM
Department of Pharmacology, Yonsei University College of Medicine, Seoul, Korea
High glucose can induce lipid peroxidatlon in the isolated rat glomer-
uti. The present study examined the effect of elevated glucose on
glomerular cell membrane lipid peroxidation. Glomeruli were isolated
from male Sprague-Dawley rat kidneys utilizing a standard sieving method
and incubated in medium containing different concentrations of glucose at
37°C for one and 48 hours. The levels of lipid peroxides (LPO) in the
glomeruli were quantitated by malondialdehyde-thiobarbituric acid ad-
duct formation. The levels of LPO in the glomeruli were significantly
increased after one hour of exposure to high glucose (HG; 30 mM)
medium, and this increase was sustained after 48 hours of exposure to HG.
In contrast, osmotic control media containing either L-glucose or manni-
tot did not increase glomerular LPO. Dimethylthiourea (20 mM), a
hydroxyl radical scavenger, completely blocked the increase of LPO in the
glomeruli exposed to HG not only for one hour but also for 48 hours
without altering LPO levels in the glomeruli exposed to control glucose.
This provides evidence that oxidative stress can be induced by high
ambient concentrations of glucose. Pretreatment with PKC antagonists,
either 500 .LM H-7 or 100 nM staurosporine, prevented the increase of
LPO in the glomeruli exposed to HG for one hour but not in glomeruli
exposed for 48 hours. These data suggest that (i) elevated glucose levels
per se can cause oxidative stress and augment membrane lipid peroxida-
tion of glomeruli, and (ii) activation of PKC may play a role in early phase
of glucose-induced glomerular lipid peroxidation.
Membrane lipids are vital for the maintenance of cellular
integrity and survival. Oxygen free radicals readily react with
membrane lipids, therefore, elevated levels of lipid peroxides
(LPO) in a given tissue have been considered to be an index of
increased oxidative stress and a subsequent cytotoxic mechanism
[1, 21. In this context, increase of LPO [3, 4] as well as oxidative
DNA damage [5] in the kidneys of diabetic rats suggested
involvement of oxidative stress in the process of diabetic nephrop-
athy. While these in vivo studies have their own values in clinical
relevance, inherent complexity often results in equivocal data [6]
and difficulty in delineating the exact mechanisms involved in
observed oxidative stress associated with diabetes.
Recently, glucose-induced oxidative stress has in fact been an
attractive hypothesis for the pathogenesis of diabetic complica-
tions [7—9] including nephropathy [10]; however, direct evidence
occurring in biological tissue has been limited to endotheliat cell
[11] and human etythrocytes [12, 13]. During the process of the
present study, cultured rat mesangial cell has been reported to
exhibit glucose-induced oxidative stress [14]. Glucose auto-oxida-
tion, non-enzymatic glycation, and metabolic stress resulting from
hyperglycemia are proposed mechanisms contributing to this
glucose-induced oxidative stress [7, 9, 10]; however, precise mech-
anisms are largely unknown. Thus, the objectives of the present
study were to determine whether elevated glucose levels per se can
cause oxidative stress in isolated rat glomeruli, and further, the
involvement of protein kinase C (PKC) system in this high
glucose-induced oxidative stress in order to gain better under-
standing of the mechanisms involved in diabetic nephropathy.
Previous studies demonstrating the glomerulus as a target tissue
of diabetic nephropathy [15] and as a susceptible tissue to
oxidative stress under certain stimulation [16—18] led us to use
glomeruli among nephron segments. Lipid peroxidation quanti-
tated by malondialdehyde-thiobarbituric acid adduct, a common
assay for determining tissue levels of LPO [2], was employed as an
index of oxidative stress.
Tissues susceptible to diabetic complications are insulin-inde-
pendent for glucose transport. Thus, intracellular glucose of such
tissues will be equilibrated with extracellular high glucose in
diabetes. One of the welt-known biochemical pathways resulting
from hyperglycemia is de novo synthesis of diacylglycerol leading
to PKC activation [9, 10, 19, 20]. In fact, glomeruli from diabetic
rats [21] as well as normal glomeruli exposed to high glucose
medium in vitro [22] exhibited activation of PKC. The activation
of PKC has been suggested to have a modulatory rote in oxidative
stress, because inhibition of PKC prevented lung injury [23] and
cytotoxicity of cultured hepatocytes [24] associated with oxygen
radicals. We have previously demonstrated the possible relation-
ship between PKC and lipid peroxidation in isolated rat glomeruli
[18]. We therefore hypothesized that glomerular P1CC activated by
high glucose [22] may contribute to increased oxidative stress
associated with high glucose. This hypothesis was evaluated by
examining the effect of PKC antagonists, H-7 [25] or staurospo-
rine [26], on glucose-induced glomerular LPO.
Methods
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Male Sprague-Dawley rats (ea. 250 g body wt) from the animal
facility at Yonsei University College of Medicine were used for
this study. They were provided pelleted standard rat chow (Sam-
yang rat chow, Korea) and tap water ad libitum.
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Reagents and media
Bovine serum albumin, 4, 6-dihydroxy-2-mercaptopyrimidine
(2-thiobarbituric acid), L-glucose, mannitol, sodium dodecyl sul-
fate and tetraethoxypropane were obtained from Sigma Chemical
(St. Louis, Missouri, USA). Dimethyl sulfoxide (DMSO) and
ethanol were purchased from Merk (Darmstadt, Germany). Di-
methyithiourea (DMTU) were from Tokyo Kasei (Tokyo, Japan).
H-7 [1-(5-isoquinolinesulfonyl)-2-methyl-piperazine dihydrochlo-
ride] and staurosporine were from Research Biochemicals Inter-
national (Natick, Massaschusetts, USA). RPMI-1640 media were
from GIBCO (Grand Island, New York, USA). All other com-
pounds were of the highest grade from standard suppliers.
The medium for isolation of glomeruli was sterile phosphate
buffered saline (PBS; pH 7.4) containing (in mM): NaC1 137, KC1
2.7, Na2HPO4 2HO 6.5, KH2PO4 1.5. According to the experi-
mental protocols below, RPMI-1640 with appropriate additional
reagent were used for incubation of glomeruli.
Thiobarbituric acid solution (0.8%) was made just prior to use,
on a hot plate, by stirring in less than the desired amount of
distilled water. After the solution cooled, the exact volume was
reached by the addition of distilled water.
For the preparation of LPO standard solution, tetraethoxypro-
pane was diluted with ethanol at a concentration of 10 m and
stored in small aliquots at —70°C. At the time of use, 0.1 to 2.5
nmol/ml were prepared by dilution with PBS.
H-7 and staurosporine were dissoloved in distilled water and
DMSO, respectively, and stored in small aliquots at —70°C. Both
H-7 and staurosporine were diluted to final concentration with
incubation medium. DMTU was prepared just prior to use.
Preparation of glomeruli
Glomeruli were isolated from rat kidneys by a standard graded
sieving method [27]. Briefly, kidneys were removed from rats and
placed into sterile PBS. The cortices were separated from the
medullas and passed through a series of sieves of decreasing pore
size. Obtained glomeruli were centrifuged at 400 g for five
minutes and washed twice in PBS, and the supernatant was
discarded, The purity of each preparation was evaluated by
counting glomeruli under light microscopy; only preparations with
more than 90% purity were used. Each preparation had less than
10% of tubular fragments consisting of diverse tubular segments
from the renal cortex. Glomeruli were resuspended with an
appropriate medium; 4 ml of medium were appropriate for final
resuspension of glomeruli derived from two kidneys, and 1 ml of
this was used for each experimental condition. After incubation
for the indicated times at 37°C in a CO2 incubator, glomeruli were
then washed twice in PBS by centrifugation at 400 g for five
minutes. The glomerular pellet was resuspended with 0.5 ml of
PBS and sonicated for determination of LPO and protein.
Measurement of lipid peroxides
The thiobarbituric acid method of Ohkawa, Ohishi and Yagi
[28] was used to measure the level of LPO. Each 100 xl of
sonicated glomeruli was mixed with 100 l of 8% sodium dodecyl
sulfate, and then a reaction mixture consisting of 200 .d of 0.8%
2-thiobarbituric acid and 200 .d of 20% acetic acid was added.
This solution was placed in a water bath and kept at 95°C for 60
minutes. After stopping the reaction by cooling with tap water, the
mixture was centrifuged at 15,000 g for five minutes to precipitate
Table 1. Effects of incubation period on the levels of glomerular lipid
peroxides induced by control or high glucose
Incubation period
LPO nmol/mg protein
Control glucose High glucose
10 mm 0.37 0.02 0.36 0.01
1 hour 0.38 0.02 0.66 0.02
6 hours 0.37 0.01 0.65 0.02
24 hours 0.37 0.02 0.64 0.04
48 hours 0.38 0.03 0.73 0.03
P 0.6758 0.0001
Glomeruli were incubated in RPMI-1640 medium without (control
glucose) or with 20 mri glucose (high glucose). Values are means SE
from 4 experiments. The mean value of at least duplicate measurements of
LPO levels in each experimental condition from a given set of three rats
was entered as a sample number of one. LPO is lipid peroxides.
any interfering particulate material. Our preliminary study re-
vealed that the extraction procedure could be skipped due to
enough sensitivity. The amount of LPO formed was measured by
spectrofluorometry (SPF-500 C; SLM instruments, Inc., Urbana,
Illinois, USA) at emission wavelength 553 nm with excitation
wavelength 515 nm.
The values of LPO for samples were expressed either as nmole
per 10,000 glomeruli as quantitated by counting the glomeruli or
as nmole per mg of tissue protein. Protein content was measured
by the Bradford method [29] using bovine serum albumin as a
standard.
Experimental protocols
Assays for glomerular LPO were carried out under different
conditions as follow: (1) control glucose (CG; without any addi-
tion to RPMI-1640 medium having 11 mvi glucose); (2) high
glucose (HG; with addition of 20 m glucose to RPMI-1640); (3)
CG or HG in the presence of 20 mrvi DMTU; (4) CG or HG in the
presence of either 500 xM H-7 or 100 nM staurosporine; and (5)
osmotic controls with the addition of either 20 mM L-glucose or
mannitol to RPMI-1640. The glomeruli were incubated for 1 and
48 hours based on a time control experiment in which the
incubation periods were 10 minutes, 1, 6, 24 and 48 hours (Table
1). Although 11 mi glucose in RPMI-1640 medium were higher
than normal blood glucose levels (5 mM), this is considered to be
the control glucose (CG) for the present study based on the fact
that there was no significant increase in LPO in the glomeruli
incubated in RPMI-1640 up to 48 hours as summarized in Table
1. In addition, the levels of LPO in the glomeruli incubated for
one hour in the medium containing either 5 mii or 11 m glucose
were not different. The respective values for 5 and 11 m glucose
were 0.41 0.05 and 0.44 0.05 nmol/mg protein (N — 6). LPO
levels were measured in duplicate or triplicate in each experimen-
tal condition from a given set of three rats. The mean value was
represented as the level of glomerular LPO produced by each
condition, calculated as a sample number of one.
Statistical analysis
All results are means standard error. For all studies concur-
rent controls were tested. When more than one mean value was
compared to a single mean value, the significance of differences
was first determined by analysis of variance (ANOVA). If signif-
icant differences were obtained by ANOVA, the significance of
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Glucose, m
Fig. 1. Effects of various concentrations of glucose on lipid peroxides (LPO)
in glomeruli. Values are expressed in terms of nmollmg protein. Values are
means sa from 4 experiments. The mean value of at least duplicate
measurements of LPO levels in each experimental condition from a given
set of three rats was entered as a sample number of one. Glomeruli were
incubated for one hour. < 0.05 compared to previous concentration of
glucose determined by Scheffé method for multiple comparison preceded
by ANOVA.
difference between any two average values was then determined
by Scheffé method for multiple contrast. P values less than 0.05
were used as the criterion for statistically significant difference.
Results
Effects of glucose concentration or incubation period on
glomerular lipid peroxides fonnation
Levels of lipid peroxides (LPO) produced in glomeruli incu-
bated for one hour increased by glucose in a dose-dependent
manner as shown in Figure 1. The levels of LPO expressed in
terms of nmol/10,000 glomeruli were analogous to nmol/mg
protein. Thus, 0.20 0.02, 0.24 0.02, 0.3 0.02, 0.46 0.04,
and 0.42 0.03 were for 11, 21, 31, 41, and 51 m glucose,
respectively. The increase was significant at glucose concentra-
tions higher than 31 mM; levels of LPO were increased by 50% at
31 mt, by 130% at 41 m, and by 110% at 51 m glucose. There
was little difference between LPO produced by 41 m and 51 mM
glucose. A submaximal concentration for the production of LPO,
31 m glucose in incubation medium, was used as high glucose
(HG) for the present study.
Table 1 summarizes the time course of LPO formation by either
control or high glucose. Control glucose produced no significant
increase in LPO in the glomeruli incubated for up to 48 hours.
However, the levels of LPO significantly increased after a one
N LPO nmollmg protein
Control glucose 7 0.43 0.04
+20 mi D-glucose 7 0.58 0.02a
+20 mivi L-glucose 4 0.44 0.02
+20 mr.s D- 4 0.38 0.01
mannitol
Glomeruli were incubated for one hour in RPMI-1640 media without
(control glucose) or with an appropriate additional reagent. Values are
means su. N is the number of experiments. The mean value of at least
duplicate measurements of lipid peroxides levels in each experimental
condition from a given set of three rats was entered as a sample number
of one. LPO is lipid peroxides. ap < 0.05 compared to control glucose by
Scheffé method for multiple comparison preceded by ANOVA.
hour exposure to HG, and this effect was sustained at 48 hours.
These one and 48 hour incubation periods were subsequently
chosen for the remainder of the experiments to be described.
Role of osmolarity of medium on glomerular lipid peroxides
formation
The addition of either 20 mM L-glucose or mannitol to control
—i---- RPMI-1640 medium did not affect the level of glomerular LPO;
51 thus, the level of LPO was similar to that of glomeruli incubated
in CG (Table 2).
Effects of dimethyithiourea on high glucose-induced lipid peroxides
In agreement with the results summarized in Table 1, HG
significantly increased LPO synthesis when the glomeruli were
incubated for either 1 hour (Fig. 2) or 48 hours (Fig. 3). These
high glucose-induced increases of LPO in the glomeruli incubated
for both 1 and 48 hours were effectively inhibited by addition of
DMTU at final concentration of 20 m. The same concentration
of DMTU did not cause any significant effect on glomerular LPO
produced by CG.
Effects of protein kinase C antagonists on high glucose-induced
lipid peroxides
Figure 4 summarizes the significant inhibition by both 500 JLM
H-7 and 100 ns staurosporine of high glucose-induced LPO
generation in the glomeruli incubated for one hour. However,
LPO formation in the glomeruli exposed to HG for 48 hours was
not altered by either H-7 or staurosporine (Fig. 5). Since stauro-
sporine was dissolved with dimethylsulfoxide (DMSO), CG or HG
medium having the same concentration of DMSO was used as
concurrent control. There was no significant difference in the level
of LPO between the medium with and without DMSO, and
therefore, the values of LPO were pooled and expressed as one
mean value in Figures 4 and 5. Both H-7 and staurosporine used
in the present study totally blocked the generation of glomerular
LPO stimulated by phorbol 12-myristate 13-acetate (PMA) at
10 the level of LPO in response to iO M PMA was 0.95
0.02 nmol/mg protein (N = 4).
Discussion
Even though glucose-induced oxidative stress has recently
become an attractive hypothesis linking hyperglycemia to func-
tional changes exhibited in diabetic tissue [7—9], direct evidence
demonstrating this glucose-induced oxidative stress in biologic
*
Table 2. Role of media osmolarity and specificity of effects of
D-glucose on rat glomerular lipid peroxides
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Fig. 2. Effects of dimethyithiourea (DMTU) on
lipid peroxides (LPO) of rat glomeruli incubated
for one hour. Glomeruli were incubated for one
hour in RPMI-1640 medium without (CG;
control glucose) or with 20 mM glucose (HG;
high glucose). Values are expressed in terms of
nmol/mg protein (A) or nmolIlO,000 glomeruli(B). Symbols are (•) CG; () CG + DMTU;() HG; () HG + DMTIJ. Values are means
SE from 5 experiments. The mean value of at
least duplicate measurements of LPO levels in
each experimental condition from a given set of
three rats was entered as a sample number of
one. Levels of LPO was significantly higher in
glomeruli incubated in HG medium (*P < 0.05,
N = 5) compared with other 3 groups (Scheffé
method for multiple comparison preceded by
ANOVA). Addition of 20 m DMTU
significantly lowered the level of LPO induced
by HG.
Fig. 3. Effects of dimethyithiourea (DMTU) on
lipid peroxides (LPO) of rat glomeruli incubated
for 48 hours. Glomeruli were incubated for 48
hours in RPMI-1640 medium without (CG;
control glucose) or with 20 m glucose (HG;
high glucose). Values are expressed in terms of
nmollmg protein (A) or nmolJl0,000 glomeruli(B). Symbols are () CG; () CG + DMTU;(D) HG; (D) HG + DMTU. Values are means
SE from 5 experiments. The mean value of at
least duplicate measurements of LPO levels in
each experimental condition from a given set of
three rats was entered as a sample number of
one. Levels of LPO was significantly higher in
glomeruli incubated in HG medium (*P < 0.05,
N = 5) compared with other 3 groups (Scheffé
method for multiple comparison preceded by
ANOVA). Addition of 20 mM DMTU
significantly lowered the level of LPO induced
by HG.
tissue has been very limited [11-44]. In this study, we clearly
demonstrated that high glucose can increase the levels of lipid
peroxides (LPO) in isolated rat glomeruli as a result of glucose-
induced oxidative stress. Furthermore, protein kinase C (PKC)
activation appears to contribute to mediating glomerular mem-
brane lipid peroxidation leading to nephrotoxicity induced by high
glucose (see below).
Glucose produced dose-dependent increase in LPO in rat
glomeruli as in human erythrocytes [12, 13]. Because 31 mi
glucose caused a submaximal response in the generation of
glomerular LPO, this concentration was utilized as high glucose
(HG) for subsequent study to evaluate the possible inhibitory
effect of a scavenger of oxygen free radicals or PKC antagonists.
No significant increase in LPO of the glomeruli incubated in
RPMI-1640 up to 48 hours (Table 1) allowed this use as a control
medium for the present study; RPMI-1640 is a common medium
for culturing rat glomerular mesangial cells. The observed lack of
difference in glomerular LPO between normal physiological 5 mM
glucose and moderately high 11 mri glucose (Methods) suggests
that abrupt exposure to high doses of glucose, such as 31 m,
might have a critical pathogenic role in the development of
diabetic complications. Diabetic patients who are under tight
metabolic control still have the possibility of being exposed to high
glucose for short periods.
The levels of glomerular LPO significantly increased after one
hour of exposure to HG which was sustained at 48 hours of
exposure. Since malondialdehyde is known to be metabolized
[30], this sustained increase of glomerular LPO suggests a contin-
uous formation of LPO in response to HG at the presence of
metabolism.
Although this HG-induced lipid peroxidation did not alter cell
viability estimated by LDH release (data not shown), it does not
exclude any pathological role of increased LPO. Peroxidation of
lipid molecules invariably changes lipid molecular structure [31],
which could influence cellular growth-regulatory proteins nor-
mally dependent on membrane lipid integrity [32]. In this context,
a possible role of glucose-induced lipid peroxidation on increased
collagen production of cultured mesangial cells has been sug-
gested [14].
Although it is not clear which reactive oxygen metabolites
among superoxide anion, hydrogen peroxide, and hydroxyl radical
have a major role in this glucose-induced LPO, hydroxyl radical
has been suggested to be responsible for damage of protein
exposed to glucose [33]. Along with this, the fact that superoxide
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Fig. 4. Effects of protein kinase C antagonists,
either H-7 or staurosporine (Sp), on lipid
peroxides (LPO) formation in the glomeruli
exposed to high glucose (HG) for one hour.
Glomeruli were incubated for one hour in
RPMI-1650 medium without (CG; control
glucose) or with 20 mM glucose (HG; high
glucose). Values are expressed in terms of
nmollmg protein (A) or nmol/10,000 glomeruli
(B). Symbols are: (U) CG; (0) HG; (0) HG
+ H-7; () HG + Sp. Values are means SE
from 5 experiments. The mean value of at least
duplicate measurements of LPO levels in each
experimental condition from a given set of
three rats was entered as a sample number of
one. Levels of LPO was significantly higher in
glomeruli incubated in HG medium (*P < 0.05,
N = 5) compared with other 3 groups (Scheffe
method for multiple comparison preceded by
ANOVA). Addition of either H-7 or Sp
significantly lowered the level of LPO induced
by HG.
Fig. 5. Effects of pmtein kinase C antagonists,
either H-7 or staurosporine (Sp), on lipid
peroxides (LPO) formation in the glomeruli
exposed to high glucose (HG) for 48 hours.
Glomeruli were incubated for 48 hours in
RPMI-1640 medium without (CG; control
glucose) or with 20 mM glucose (HG; high
glucose). Values are expressed in terms of
nmol/mg protein (A) or nmol/10,000 glomeruli
(B). Symbols are: (U) CG; (0) HG; (0) HG
+ H-7; (0) HG + Sp. Values are means SE
from 5 experiments. The mean value of at least
duplicate measurements of LPO levels in each
experimental condition from a given set of
three rats was entered as a sample number of
one. Levels of LPO was significantly lower in
glomeruli incubated in CG medium (*P < 0.05,
N 5) compareed with other 3 groups (Scheffé
method for multiple comparison preceded by
ANOVA). Neither H-7 nor Sp alter the level of
LPO induced by HG.
anion and hydrogen peroxide can be further metabolized to form
hydroxyl radical led us to use dimethyithiourea (DMTU), a known
hydroxyl radical scavenger [34]. DMTU at 20 m abolished
increments of LPO in the glomeruli exposed to HG for both 1 and
48 hours without any significant effect on control LPO. This
provides strong evidence that oxidative stress by high glucose
indeed has a role in this glucose-induced glomerular LPO.
Glucose-induced LPO in human erythrocytes was also blocked by
other hydroxyl radical scavengers [12]. The effect of superoxide
dismutase or catalase—a scavenger for superoxide anion or
hydrogen peroxide, respectively—on this glucose-induced LPO
was not examined in the present study.
Glucose is a solute that is transported by facilitated diffusion
and metabolized; thus, the potential osmotic effect of glucose
cannot be controlled. Yet, the lack of effect of 20 m either
L-glucose, whose diffusion rate through glucose transport is
negligible [351, or mannitol on glomerular lipid peroxidation,
suggested that glucose-induced glomerular LPO was not related
to an effect of high media osmolarityper Se. Itcould be argued that
antihydroxyl radical effect of mannitol might conceal actual
increment of glomerular LPO and play the role in this observed
lack of influence. However, the antioxidative effect of mannitol is
limited to extracellular space, but observed glucose-induced oxi-
dative stress should be a cytosolic event. "Oxidative stress associ-
ated with diabetes," a current hypothesis for the pathogensis of
diabetic complications, is primarily based on the fact that the
concentration of cytosolic glucose becomes as high as extracellular
glucose in a tissue-like glomerulus which does not require insulin
for glucose transport [10, 19]. Our own data showing inhibitory
effect of PKC antagonist on HG-induced glomerular LPO also
provide evidence that glucose-induced oxidative stress is an
intracellular event, because activation of PKC is a cellular event
(see below). It is therefore unlikely that the lack of influence of
mannitol is attributable to its antioxidative effect. The failure of
mannitol to scavenge hydroxyl radicals has also been observed in
both isolated rat glomeruli [16] and other tissues [36].
Since glomenilar lipid peroxidation occurred in response to
PKC activator [18] and since glomerular PKC activity was in-
creased in response to high glucose [22], it is hypothesized that
glucose-induced glomerular PKC activation can contribute to
increased LPO observed in the present study. Two potent inhib-
itors of PKC, H-7 [25] and staurosporine [26], strongly suppressed
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LPO produced in glomeruli exposed to HG for 1 hour but not for
48 hours. These results suggested that initial oxidative stress in the
glomeruli exposed to HG for short period might be due to PKC
activation. This is in general agreement with the reported time
course of PKC activation in tissues exposed to high glucose [191,
including the glomerulus [22]. The actual biochemical mecha-
nisms by which PKC governs LPO generation remain a matter of
future investigation; increased lipoxygenase [13] and/or cyclooxy-
genase activity in response to high glucose induced PKC activa-
tion [37] could be linked to the glucose induced changes in
glomerular LPO.
Mechanisms other than PKC activation, such as glucose autox-
idation or increased aldose reductase activity [10, 19], could have
major role in the later phase of glucose-induced glomerular LPO.
Aldose reductase, which is observed to be increased in tissues
from diabetic complications [10], uses NADPH. Thus, decreased
NADPH as a result of aldose reductase activation may implicate
oxidative tissue damage as a result of competition between aldose
reductase and glutathione reductase for NADPH. Further study
evaluating the protective effect of aldose reductase inhibitors on
this glucose-induced glomerular LPO is necessary to delineate the
precise mechanisms involved.
Taken together, these results demonstrate that (1) glucose
produced dose-dependent increase in glomerular LPO indicating
oxidative stress, and (2) PKC appears to be involved in the early
phase of it. While the present study provides experimental
evidence that glucose-induced oxidative stress might play a role in
the pathogenesis of diabetic nephropathy, the immediate rele-
vance of our short-term in vitro observations to the problem of
human diabetic glomerulopathy requires confirmatory investiga-
tions in vivo.
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Appendix. Abbreviations
ANOVA Analysis of variance
CG Control glucose, without any addition to RPMI-1640
medium having 11 mivi glucose
DMTU Dimethylthiourea
DMSO Dimethylsulfoxide
HG High glucose, with the addition of 20 m glucose to
RPMI-1640
LPO Lipid peroxides
PBS Phosphate buffered saline
PKC Protein kinase C
PMA Phorbol 12-myristate 13-acetate
Sp Staurosporine
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